Objectives The purpose of this study was to determine whether the presence of a splenic mass or a diffusely motheaten parenchyma on ultrasonographic scans could represent potential criteria of malignancy in the feline spleen. Methods Feline patients with ultrasonographic images and cytological analysis of the spleen obtained by fineneedle aspiration were retrospectively included in a multicentre study. Results One hundred and ninety-five cats met our inclusion criteria. There was a lack of agreement between the moth-eaten ultrasonographic appearance of the spleen and the presence of a malignant neoplasia on cytological analysis. The sensitivity and specificity of a moth-eaten parenchyma for predicting malignant neoplastic disease were 13.2% and 84.8%, respectively. The sensitivity and specificity of a splenic mass >1 cm for predicting malignant neoplastic disease were 21.0% and 94.7%, respectively. A marbled appearance of the splenic parenchyma was significantly more frequent among patients examined with a high-frequency transducer (11-18 MHz) than among those examined with a low-frequency transducer (6.6-10 MHz) (27.6% vs 11.1%, respectively; P = 0.004). Similarly, although not statistically significant, a moth-eaten parenchyma was more frequent in the high-frequency transducer group than in the low-frequency group (17.1% vs 8.9%, respectively; P = 0.09). Conclusions and relevance Based on our findings, a moth-eaten ultrasonographic appearance of the spleen in cats does not necessarily reflect a lymphoma or another malignant neoplastic process on cytological analysis. The presence of a splenic mass >1 cm on ultrasound is suggestive of malignancy in cats. Finally, the transducer frequency must be taken into account when assessing the splenic parenchyma, as a high-frequency transducer seems to improve the detection of a marbled or moth-eaten parenchyma.
Introduction
The ultrasonographic (US) appearance of splenic diseases in cats is understudied, and there are no US criteria of malignancy identified in the literature. Histological splenic lesions are uncommon in cats, with an estimated prevalence of 5%. 1 Among these, neoplastic conditions (primary and metastatic) reportedly account for 37% of the histological splenic abnormalities. 2 Focal and diffuse US abnormalities of the feline spleen were previously described as non-specific. 3, 4 In one report, 3 the most common description of splenic lymphoma was an enlarged, hypoechoic or nodular spleen with smooth margins; however, this was only found in 53% of the cats with lymphoma. The results from this previous study suggested that feline splenic disease was more likely to be neoplastic, compared with canine 697483J FM0010.1177/1098612X17697483Journal of Feline Medicine and SurgeryBertal et al research-article2017 Original Article splenic disease, with 73% of the US splenic changes being neoplastic in their population of cats. 3 Cytological evaluation of the spleen (following percutaneous ultrasound-guided fine-needle aspiration) is a commonly used tool in the diagnostic work-up of veterinary patients. 5 , 6 Its indications include evaluation of nodules or focal masses, evaluation of diffuse splenomegaly or abnormal US echotexture, and staging or characterisation of systemic or multicentric haematopoietic disorders. 5 -7 The objective of this study was: (1) to determine the association between the frequency of the ultrasound transducer and the detection of a diffusely moth-eaten or marbled splenic parenchyma; (2) to evaluate the agreement between diffusely moth-eaten splenic echotexture and cytological diagnosis of splenic malignancy; and (3) to evaluate the sensitivity and specificity of a moth-eaten appearance of the splenic parenchyma and a splenic mass on US scans for predicting a neoplastic disease, based on cytological diagnosis.
Our hypotheses were that: (1) the use of a highfrequency transducer would improve the detection of a moth-eaten or marbled splenic parenchyma; (2) a diffuse moth-eaten appearance of the feline spleen in US images would not be suggestive of lymphoma or another malignant neoplasia; and (3) the presence of a splenic mass (>1 cm in diameter on US images) would be related to a malignant neoplastic condition on cytology.
Material and methods

Animals
The medical record databases of the Veterinary Teaching Hospital of the National Veterinary School of Alfort (ENVA) (France), of the Laval Veterinary Centre (CVL) (Canada) and of the Veterinary Institute of Novara (IVN) (Italy), were searched from March 2012 to September 2015 for cytological analyses of feline splenic aspirates. Inclusion criteria consisted of the following: (1) US examination of the abdomen, with good diagnostic quality US images of the spleen available for review in the database (PACS and Hospital Information System); (2) fine-needle aspiration (FNA) performed for the first time on the spleen of the patient; and (3) cytological analysis of the splenic aspirates performed within 2 weeks of US examination.
Data collected from the medical records included patient signalment, clinical signs, US findings, sedation protocol, transducer frequency and cytological diagnosis.
In the population from ENVA, the use of sedation and the choice of drugs were not systematically recorded, whereas in the populations from IVN and CVL, this was consistently detailed.
Ultrasonography
US examinations were performed with the cat in dorsal recumbency, with hair clipped, using a Philips IU 22 ultrasound machine (Philips) at ENVA; a Esaote MyLabTwice (Esaote) at CVL; and a Logiq9 (GE Medical Systems) at IVN. Various transducers were used (convex and linear), in B-mode, and their frequencies were recorded on the images. The US examinations were performed by a board-certified radiologist in CVL (ENC), by a board-certified radiologist (PP) or a university hospital radiologist in ENVA, and by a board-certified radiologist (SS) or resident in training supervised by a board-certified radiologist at IVN.
In the case of focal lesions, a minimum of two images were used, corresponding to the sagittal and transverse planes. In the case of a generalised parenchymal abnormality, the minimum number of images recorded was one single image, corresponding to the sagittal plane. It was considered as sufficient if the quality of this image was good.
The US images of the spleen were independently reviewed by three board-certified radiologists (PP, ENC, SS). The quality of the US images was evaluated regarding the spatial and contrast resolution, and the presence of artefacts, by the board-certified radiologist who reviewed and analysed the images. Patients were included if the quality of images was judged as sufficient.
Splenic parenchyma was classified according to the following criteria: normal echotexture, diffusely marbled, diffusely moth-eaten ( Figure 1 ), diffusely hypoechoic, and presence of nodules ( < 1 cm in diameter) or mass(es) ( > 1 cm in diameter). In order to standardise the pattern characterisation, a consensus on the definition of the US images prior to their analysis was made between the three radiologists, to reach the lowest inter-observer variability.
A moth-eaten parenchyma was characterised by the presence of numerous small hypoechoic nodules throughout the spleen, causing a spotted echotexture. A marbled parenchyma was characterised by the presence of multiple overlapping ill-defined areas with heterogeneous echogenicity. This is distinct from the moth-eaten parenchyma where smaller separate individual lesions are seen. The original US reports were available and were used after the classification to confirm that no lesion had been missed on the recorded images of the patients.
Cytological analysis
FNA of the spleen was performed, in the absence of contraindication, when a focal lesion or diffuse parenchymal change was described, or, more seldomly, in the context of a staging, following a diagnosis of neoplasia. US guidance was consistently used, and in the case of focal lesions, these ones were specifically targeted. FNAs were achieved using 23 G, 25 mm needles and a nonaspiration technique. 8 Smears were coloured using a May-Grünwald and Giemsa stain before interpretation by a board-certified clinical pathologist. The number of slides per patients varied between two and four.
Statistical analysis
In order to take into account the sedation of the patient and the frequency of the transducer as potential bias in the US assessment of the splenic parenchyma, the effect of those parameters on the identification of a moth-eaten or marbled appearance of the spleen was studied in the first instance. Association between the transducer frequency (6.6-10 MHz vs 11-18 MHz) and the presence of either a moth-eaten or a marbled splenic parenchyma was tested using the χ 2 statistical test.
Agreement between moth-eaten US appearance and malignant neoplastic disease of the spleen determined by cytology was assessed via calculation of the kappa (κ) coefficient. 9 Briefly, a κ value of 1 indicated a perfect agreement between the two tests, and a value of 0 indicated agreement only by chance. 10 The κ statistic values indicated poor (<0.00), slight (0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80) or almost perfect (0.81-1.00) agreement. 10 For this study, cytology was considered as the gold standard for identification of a neoplastic process in the spleen. Sensitivity, specificity, positive predictive value and negative predictive value of ultrasound for detection of neoplasia were determined.
Results
One hundred and ninety-five cats met the inclusion criteria. Breeds were domestic shorthair (n = 156), Oriental (n = 1), Bengal (n = 3), Siamese (n = 4), Turkish Angora (n = 1), Persian (n = 6), Norwegian Forest Cat (n = 1), British Shorthair (n = 1), Chartreux (n = 1), Maine Coon (n = 3), Exotic (n = 1), Abyssinian (n = 2), Ragdoll (n = 1), Siberian (n = 2), domestic longhair (n = 5), Burmese (n = 1), American (n = 1), Sphynx (n = 1) and unknown (n = 4). Their ages ranged from 1 year to 19 years (mean 9.3 years).
One hundred and thirty-one were male (98 neutered), 62 were female (51 neutered) and two were of unknown sex.
The US appearance of the splenic parenchyma is presented in Figure 2 .
None of the sedated patients (10 cats) had a motheaten parenchyma ( Figure 1 ) and two had a marbled splenic parenchyma (Figure 3) .
A marbled appearance of the splenic parenchyma was significantly more frequent among patients examined with a high-frequency transducer (11-18 MHz) than among those examined with a low-frequency transducer (6.6-10 MHz) (27.6% vs 11.1; P = 0.004) ( Table 1) . Similarly, although not statistically significant, a motheaten parenchyma (Figure 1 ) was more frequent in the high-frequency transducer group than in the low-frequency group (17.1% vs 8.9%; P = 0.09). Only seven cats had images recorded with both a high-and a low-frequency transducer (8 MHz and 12 MHz). In these cases, there was an agreement in the appearance of the spleen between Ultrasound-guided FNA of the spleen was diagnostic in 170/195 cases sampled (87.1%).
Neoplastic infiltration of the spleen was detected in 38/170 (22.3%) cats. A moth-eaten appearance of the spleen was found in 25/170 (14.7%) cats (Table 2) . Of these 25 cats, five had a cytological diagnosis of malignant neoplastic disease (three lymphoma, one metastatic carcinoma, one histiocytosis) and 20 had a diagnosis of benign or non-neoplastic disease (Figure 4) . The κ coefficient revealed a lack of agreement between the moth-eaten US appearance of the splenic parenchyma and the presence of a splenic malignant neoplasia (κ = −0.02). The specificity, sensitivity, positive predictive value and negative predictive value of a moth-eaten parenchyma for predicting malignant neoplastic disease were 84.8%, 13.2%, 20.0% and 77.2%, respectively.
To investigate our third hypothesis, US findings were compared with cytological diagnosis to determine the sensitivity and specificity of US images as a predictor of malignant neoplasia in cats when a mass >1 cm in diameter ( Figure 5 ) is present in the splenic parenchyma. A splenic mass was found in 15/170 (8.8%) cats (Table 3) . Among these, eight had a diagnosis of malignant neoplasia (four carcinomas, two lymphomas, one haemangiosarcoma, one multiple myeloma) and seven had a diagnosis of non-neoplastic disease (Figure 4 ).
The specificity, sensitivity, positive predictive value and negative predictive value of a splenic mass for predicting malignant neoplastic disease were 94.7%, 21.0%, 53.3% and 80.6%, respectively.
Discussion
Our results showed a lack of agreement between the US moth-eaten appearance of the spleen and the presence of a malignant neoplastic disease on splenic cytology in cats. Therefore, as we hypothesised, a moth-eaten appearance of the spleen identified on US examination in cats was not predictive of lymphoma (or any other malignant neoplasia), in contrast to what has been described in dogs. 11 The US appearance of the spleen in dogs with splenic lymphoma includes a moth-eaten, coarse parenchyma, ill-defined hypoechoic areas, hypoechoic nodules and the presence of a complex mass. 4, 11 In a study about characterisation of the hepatic and splenic changes in dogs with lymphoma, a lymphoma was identified on cytology in all evaluated cats with a moth-eaten spleen. 11 When the spleen was described as moth-eaten, the positive predictive value of ultrasound for the detection of lymphoma was 100%. 11 Therefore, no analogy can be made between the conclusions of a moth-eaten appearance of the spleen in dogs and in cats. In cats, an important variability in the US appearance of lymphoma was previously described. 3 In this study, a mottled splenic parenchyma was observed in cats with a cytological diagnosis of mast cell tumour, lymphoproliferative and myeloproliferative diseases, extramedullary haematopoiesis and lymphoid hyperplasia. 3 In our population, a moth-eaten appearance of the spleen was observed in cats diagnosed with lymphoid hyperplasia, extramedullary haematopoiesis, passive congestion, lymphoma, carcinoma and histiocytosis, as well as in normal cats. The proportion of cats with a moth-eaten or a marbled appearance of the splenic parenchyma was not higher in those that received sedation prior to the US examination than in non-sedated cats. This suggests that the sedation does not have an effect on the moth-eaten or the marbled appearance of the splenic parenchyma, but the low number of sedated cats makes it difficult to draw strong conclusions. Also, a comparison of the appearance of the spleen before and after sedation would be necessary to determine whether sedation modifies the US assessment of splenic parenchyma.
A significantly higher proportion of cats with a marbled appearance of the spleen was observed with a high-frequency transducer than with a low-frequency transducer (P = 0.004). The same tendency was noted regarding the percentage of cats presenting a moth-eaten parenchyma of the spleen, but the difference was not statistically significant (P = 0.09). Because of the low number of moth-eaten splenic parenchyma (n = 26) compared with the marbled parenchyma (n = 39), this lack of statistical significance may be due to a weak statistical power. This result suggests that using a high-frequency transducer may improve the detection of the marbled and moth-eaten splenic parenchyma. Nonetheless, it must be interpreted with caution, as the proportion of cats with these US findings may have been different in the groups of cats examined with a high-frequency and with a low-frequency transducer. Nevertheless, the similar tendency noted for these two patterns leads us to suspect that this finding was not only a consequence of unbalanced groups, but also that the transducer frequency may affect the assessment of the splenic parenchyma. Moreover, this is consistent with the fact that higher US frequencies improve the axial resolution of the images, and hence we believe that a moth-eaten pattern may be more frequently and easily seen with higherfrequency transducers.
The calculated specificity of a splenic mass seen on ultrasound for predicting a malignant neoplastic disease was 94.7%. This specificity value indicates that ultrasound is a useful test for the detection of splenic malignant neoplasia when a splenic mass is identified in cats. This result contrasts with a previous study, 3 where a higher percentage of cats with non-neoplastic splenic disease had splenic masses compared with the group with splenic neoplasia. This can be due, in part, to the dimensions of the masses included in our study. We chose to select the cats with masses >1 cm in diameter, in order to differentiate with splenic nodules, which are known to be non-specific. 3 Considering that the spleen should not exceed 1 cm in thickness in cats, 12, 13 and that by definition a mass deforms the contours of an organ, we decided to use the threshold of 1 cm to distinguish masses from nodules. The cytological diagnoses of the cats with a splenic mass included carcinoma, lymphoma, multiple myeloma, haemangiosarcoma, pyogranulomatous inflammation, haematoma, extramedullary haematopoiesis and normal spleen.
In our study, cytological examination was used as the gold standard for the diagnosis of splenic neoplasia. Ideally, the gold standard for evaluating splenic lesions should have been diagnostic splenectomy, because it allows collection of large tissue samples for histopathological assessment. To our knowledge, the sensitivity and specificity of cytology for the diagnosis of splenic neoplasia is unknown in cats, owing to the limited access to fullorgan biopsy in this species for definitive diagnosis.
Several authors have studied the correlation between cytology and histology (after surgical biopsy or necropsy) in dogs and cats, but the populations of cats were usually very small. The results are widely variable, with complete cytopathological and histopathological agreement ranging from 100% to 59%. 14, 15 The latter had an overall agreement (complete and partial) of 88%. 15 Another study focused on the correlation between ultrasound-guided FNA and needle-core biopsy of the canine spleen. 16 FNA was shown to be as beneficial as needle-core biopsy alone for diagnosing splenic neoplasia, as fewer false-negative results were obtained cytologically than histologically. FNA has inherent advantages over needle-core biopsy, including the ability to sample deeper lesions, sample perivascular lesions safely and allow multiple different passes through a single lesion. 16 However, histological examination provides additional information about tissue architecture, allows assessment of certain nuclear features important in the classification, and offers the possibility to use immunocytochemical techniques. Their use in combination can provide useful complementary information that improves neoplastic detection and tumour subclassification. 16 The predictive value of splenic cytology depends, among others, on the prevalence of different types of splenic disease. 7, 17 Haematopoietic hyperplasia and neoplasia are likely to be successfully identified by splenic cytology because of the ease with which haemic cells exfoliate and the superiority of the routinely used stains for identifying, characterising and differentiating cells of haemic origin, including round cells. 7 Mesenchymal proliferation and sarcomas are less likely to exfoliate, although haemorrhage and necrosis associated with sarcomas may be detected. 7 In a survey of 455 cats with splenic disease, 67% had haemic disorders, including haematopoietic neoplasia, reactive hyperplasia, extramedullary haema topoiesis, congestion and inflammation. 2 Considering the high prevalence of haemolymphatic disease in the spleen in cats (vs dogs), splenic cytology would be expected to have high predictive value in cats. 7 However, in comparison with dogs, the diagnosis of lymphoma is more challenging in cats because it more commonly affects extranodal sites. 18 Diffuse lymphomas composed of small or intermediate cells can be difficult to diagnose by cytology, because the cells more closely resemble benign lymphocytes. 18 Specifically, there is overlap in the cytological appearance between benign splenic reactive lymphoid hyperplasia and malignant small cell lymphoma or low-grade lymphoma. In those situations, histopathology is essential in differentiating some benign from malignant processes that appear similar cytologically. 16 They represent approximately 10% of lymphomas of cats, which are composed of small, relatively well-differentiated, neoplastic lymphoid cells and can be histologically described as low grade. 19 For these reasons, and as the use of histology of the spleen is exceptional in our practices, we considered cytology as a relatively reliable method for the diagnosis of splenic disease in cats. Unfortunately, there were no final diagnoses, based on splenectomy or necropsy, which is a limitation of our study. Furthermore, although the cytological diagnoses were made by a board-certified clinical pathologist, they should ideally have been reviewed independently by another pathologist, which was not the case in our study.
Another limitation is the retrospective nature of the study. The interpretation of the US images was mainly undertaken using still images, which is not optimal for the interpretation of the echotexture, and for the identification of a moth-eaten appearance. Likewise, the size of the spleen could not be integrated as an additional criterion in the detection of a neoplastic disease, because it was retrospectively impossible to get a standardised measurement of the spleen. A previous study on healthy cats showed that the measurements of the spleen can vary based on the area interrogated, and that the protocol recommended for consistent evaluation of the spleen in the cat requires three specific measurements (the head and tail obtained from a transverse plane and the body from a sagittal plane). 12 The assessment of the size of the spleen in our study would have been too subjective and not reliably comparable.
Moreover, a different ultrasound machine was used in each of the three veterinary centres, and all the images were reviewed by the three board-certified radiologists independently, leading to a subjective evaluation of the images by three different observers. However, a prior consensus on pattern characterisation was reached between the three board-certified radiologists, in order to minimise the inter-observer variability of interpretation.
Finally, additional US criteria such as the size of the spleen and the appearance of other structures such as the liver or the regional lymph nodes were not taken into consideration in the present study. Characterisation of splenic lesions must always be undertaken in the light of the entire US examination and further studies integrating splenic changes with additional US criteria may be useful in the future.
Conclusions
Based on our findings, a moth-eaten US appearance of the spleen in cats does not necessarily reflect a lymphoma or another malignant neoplastic process on cytological analysis. The presence of a splenic mass >1 cm on US images is suggestive of malignancy in cats based on cytological examination. Finally, the transducer frequency must be taken into account when assessing the splenic parenchyma, as a high-frequency transducer seems to improve the detection of a marbled or motheaten parenchyma.
